The present work is the first of a two-paper project aiming at bringing a new empirical contribution to literature on retirement, with particular focus on Italy. In this paper I carry out an analysis of Social Security-provided incentives for early retirement and of the main changes brought about by the two major early 90s reforms. For this purpose I use a sample of male employees drawn
Introduction
he relationship between Social Security (SS from now on) provision and retirement choices has been especially studied over the last decades. As documented in Coile and Gruber (2000a) , previous literature dating from 1970s has concluded that SS changes have a significant, but modest effect on retirement dates in the U.S.. On the other hand and more plausibly, more recent studies have questioned such results, by bringing evidence of a stronger, crucial role played by SS incentives in explaining workers' retirement behavior. The latter approaches, in particular, have pointed out that retirement is, typically, a decision taken by forward looking individuals, who, while maximizing a life-time "revenue" function in an uncertain environment, contrast the present SS wealth accumulation opportunities with those at some time in the future. In fact, starting from the work by Stock and Wise (1990) on the Option Value of retirement, a number of works have shared this assumption and assessed its relevance by both estimating structural forms (like Gustman and Steinmeier (1986) and Rust and Phelan (1997) ) and reduced forms of retirement decisions by allowing for forward-looking behavior through the specification of certain SS measures (see Lumsdaine, Stock and Wise (1992), Samwick (1998) , Coile and Gruber (2000b) and Chan and Stevens (2001)). As for Italy, studies assessing the determinants of retirement are very recent and results are somehow still contradictory 1 (see next paragraph for a brief review). Besides being a deficiency per se, such lack of univocal answers impedes any serious forecast about the effectiveness of past and future reforms in improving activity rates. In fact, Italy underwent major reforms in the last decade which have strongly reduced SS benefits and changed the life-time pattern of the mentioned incentives. Yet, only few works have investigated the implications of these changes on retirement behavior.
The present work is the first of a two-paper project aiming at providing a new contribution to this strand of literature. For this purpose I propose some new measures of Social Security incentives for anticipated retirement: the
Background

Institutional features of Social Security in Italy prior to and after the 90s reforms
Before 1990s reforms the Italian SS scheme was a mandatory, Pay-As-You-Go system providing two types of defined benefit pensions: the "old age pensions" and "seniority pensions"; the former could be claimed conditional on the achievement both of age 60 and at least 15 years of SS tax payment. To the latter were entitled individuals who, no matter how old, had completed at least 35 years of contribution payment, or 20 years if working in the Public Sector. Eligibility rules were even more favorable to women and relatively different (but generous as well) for self-employed. The National Fund also provided a means-tested income maintenance scheme for individuals over 65 not covered by old-age insurance (minimum benefit scheme), and, among other non contributory provisions, survivor benefits and disability pensions. The system was (and still is) financed by both employers and employees contributions, with an overall payroll tax of about 26% of gross earnings up to 1992. Employees also contributed a further 7.41% to a "severance pay fund" called TFR, managed by the firm and yielding a legislated rate of return (1.5% plus ¾ of yearly inflation rate). Retirement at the "normal age" (age 60) was not mandatory, in that a worker could postpone retirement up to age 65 in order to complete (no more than) 40 years of contributions. As for benefit computation, the formula was given by the product of three elements: the "interest yield", the number of contribution years paid to the Fund and the "pensionable wage" (see Table 4 for the explanation of such parameters): for Private Sector employees no more than 80% of pensionable wages were attainable at the moment of retirement, while, due to more generous rules, State employees could a more than 90% replacement ratio upon retirement. Finally, pensions were indexed according to the nominal wages growth rate. As a consequence, the system typically provided more than actuarially fair pensions, since the latter were independent of the amount of contributions paid while working. Moreover the almost continuous changes operated by the Parliaments towards increasing generosity have led to the crisis of early 90's and to the corrections introduced by the 1993, 1995 and subsequent reforms.
In short, these reforms have tightened eligibility requirements, reduced the SS wealth (especially thanks to the indexation of benefits according to a price index), increased the payroll taxes up to about 33% for employees, moved the system towards a "contribution-defined" mechanism and initiated an harmonization process of the rules among the several National Funds (for example, caps for pensionable earnings and differentiation of the internal yield according to wage brackets were introduced also for Public Sector employees, SS payroll taxes for selfemployed were progressively increased in order to reduce the gap with other categories): these measures, as it has been claimed by some authors 2 , should be able to stabilize, although only in the long-run, the ratio of pensions expenditure to GDP. In fact, the way the reforms have been phased in, so that the actuarially fair computation mechanism and some minor changes do not even apply to some category of workers (according to seniority criteria), slackens the positive effects on the State unbalances so much that Italy will face SS deficits in the next decades and experience a hump of SS expenditure-to-GDP ratio by the early 30's of the current century 3 . For these reasons calls for new corrections SS rules of such distortions are made systematically.
The SS incentive measures
I now turn to the presentation of the SS incentive measures used in the analysis, starting from the one referred to as the Marginal Cost of Retirement (MCR). Let us image an individual is assessing the possibility of leaving her job and, thus, retiring in the current year, the latter being also the first period in which eligibility is 79 achieved. I assume that decisions (and wage or pension benefits) occur at the beginning of each year; the agent can decide whether working or not for one year more, but the amount of time on the job is given and normalized to 1. Thus, by leaving in current year t, the agent gives up her current wage (net of pension payroll tax) and obtains a flow of pension benefits up to year D, which is usually referred to as "SS wealth" 4 . Formally:
where
is the wage of year t after L+1 years of work,  is the contribution tax rate,
is the annual pension amount corresponding to the minimum number of contributions (L) needed for eligibility, r is the interest rate, supposed constant for simplicity. On the other hand, In case she keeps on working another year, she "gains" the flow of benefits:
By subtracting expression [2] from [1] we get the Marginal Cost of Retiring in year t, which is:
[3]
More generally, in each future year t+j, one has:
where L is the maximum number of working years fixed by the law. Finally, by dividing expression [3' ] by the current wage, we get the Rescaled MCR. Intuitively, should the benefit formula be actuarially fair (or pensions not provided at all), the cost of retiring would be the current wage, thus reproducing a well known result stemming from microeconomic theory on labor supply. In all other cases, being the cost either bigger or lower than the wage, a distortion of work/leisure choice and, consequently, welfare losses would be brought about 5 . Notice that the RMCR is quite close to the to the implicit tax/subsidy of postponing retirement used, among others, by Brugiavini (1999) and by Coile and Gruber (2000a) , which I indicate as
; it is defined as the ratio between the expected present value of future pension benefits accrual (with negative sign), obtained from postponing retirement by one year, and the current period wage. Formally: [5] where  is the intertemporal discount factor; now, supposing  and r equal to 1 and 0 respectively, for the sake of simplicity, the following relationship holds:
Consequently, if the system is actuarially fair, so that
. On the contrary, there is an incentive to early retirement if and only if 
In other words, this parameter allows for possibility that individuals: i) face a longer time-horizon than a single year time-span; ii) compare not just the difference between flows of benefits (like in the Peak Value case) or values (like in the Option Value) but the "marginal costs": in particular, in case the marginal cost reduces as at some older age, so that MCV t <0, it is more convenient for individuals to postpone retirement. Again, were the SS system actuarially fair, (so that the MCR in each period would equal the current salary) the decision to retire would be completely led by the difference between future and present wages. Henceforth, in order to disentangle the effect of wage changes from the SS variation, I will also use a rescaled measure of the MCV, that is the difference between the minimum expected future RMCR and the current one:
Analogously, one can extend the same reasoning to the Accruals, and build-up the following measure, which I call the Minimum Tax Value (MTV); I define such measure as the difference between the Maximum expected value of the Accruals (with reversed sign, which can be interpreted as the minimum tax levied upon the decision of anticipating retirement by one year) and the value (with reversed sign as well) associated to the current year. By calling the negative of the Accrual as the Absolute Tax (ATAX), one gets:
Again, both (R)MCV and MTV measures indicate that the higher the difference between future and current costs (taxes) comprised in the decision of retirement, the more likely individuals will tend to postpone the year of retirement. Finally, I will compare the above parameters with the existing Peak Value proposed by Coile and Gruber (2000a) , defined as the difference between the Maximum future expected SS Wealth and the current one, and the Option Value of delayed retirement by Stock and Wise (1990) 7 .
Finally, the replacement Ratio (RR) is defined as the ratio of the first pension to the last wage and can be considered a "short-sight" indicator; however one must bear in mind that the interpretation above is a simplification, in that the RR represents also the desired standard of living for the future and, thus, it probably comes out of some optimization process of smoothing consumption over time. In the remainder of the work I will refer to SSW and to RR as "static incentives" and to the others as "dynamic incentives". Among the latter, I will discriminate between "one-year dynamic" and "lifetime" measures, including the (R)MCR, Accrual, Tax/Subsidy in the former subset and the Peak Value (PV), (R)MCV, the OV and the MTV in the latter.
Data and empirical strategy
The Data comes from the Survey on Italian Households' Income and Wealth, carried out by the Bank of Italy every two years. It involves about 8000 households, representative of Italian population, and since 1989 a partially rotating panel (consisting of about 1/3 of the whole sample) is provided as well, with increasing numerical dimension through years. At the moment 5 waves (from 1989 up to 1998) are publicly available. In this study I select male individuals who were employed householders (or head's partners) belonging to the panel component, being both interviewed in two or more waves through 1995 and aged from 48 to 64: notice that the choice of age 64 is due to the fact that retirement at age 65 was compulsory. Moreover, by exploiting some retrospective information (about retirement, family composition) I can built up a sample of person-year observations which includes also years not covered directly by interviews (see Spataro (2002) for a detailed explanation of sample building-up strategy).
The sample is constructed conditional on being at work or having retired in the year. I exclude selfemployed individuals since they have been subject to substantially different SS rules, individuals who were still working after a previous retirement and those retired prior to being eligible, that is due to special laws, often used in Italy for income assistance in favor of older workers at risk of unemployment ("pre-pensionamenti"). As a result the original 1065 panel workers and 2129 original person-year data are converted into 4283 person-year observations by creating new records for each period not covered but adjacent to the interview year.
The estimation strategy is particularly complex, in that, first of all, wages reported in the Survey are net of taxes, while the formula of pension benefits requires pre-taxes wages; secondly, we need both retrospective and future wages: the former are necessary for computing the "pensionable earnings"; the latter are needed to calculate forward-looking SS incentives. Finally, contributions paid to the National Fund are provided only in 1995 SHIW interviews, while the opportunity cost of retirees (i.e. the current year wage) has to be completely imputed. In order to overcome these problems I gross up wages by using information about tax rates and releases due to family composition; Then, I impute both wages (past and future) and contributions to my sample after OLS estimations over the whole 1989-1995 and 1995 cross sections, respectively. I also correct the composition effect for wages by using Heckman's two-steps procedure: in other words, wages are "purged" from the "selectivity bias" by conditioning the wage equation on the probability of being at work; for contributions estimates such correction was not necessary since the latter distortion did not turn out to be significant under different specifications of the selection equation and both using maximum likelihood or two-steps estimators 8 .
Results
Results are presented separately for Public and Private Sector median workers and according to whether the period considered is prior to reforms or not and to whether they are static or dynamic. Introductorily, let us firstly look at Table 2a : the first row of the second column contains the SSW provided by the SS system in case the individual retires on his 48 th birthday. Similarly, as for the "dynamic incentives", the RMCR column represents the yearly cost faced by an individual contrasting the possibility of leaving the labor force at the age labeled in the first row or at one year later. All values are expressed in 1992 thousand Italian lira.
SS incentives prior to reforms
For Public Sector employees, the first relevant finding is that eligibility constraints are binding for only 21% of the sample (see Total Observations in Table 2a ), so that both quantitative and qualitative differences between eligible and not eligible workers' incentives turn out to be negligible: for this reason I will mainly comment results stemming from the whole sample of State workers and will discuss those of eligible workers only when significantly different.
Starting from the static incentives, the SSW keeps substantially constant through age 53, then declines through age 60: this means that in this age interval the increase in the pension level due to the postponement of retirement by one year is offset by the "time effect", that is by the reduction of the time-span in which such accrued wealth can be consumed. Notice that, as for eligible workers, the drop in the SSW value by age 60 is less dramatic and that SSW rises again only after age 61: clearly this feature is due to the effect of binding eligibility constraints. The overall median RR provided by SS in years 1988-1992 is about 67% of the last wage and is upward sloped only through age 56 (57 for eligible workers): this feature may be caused by the fact that individuals are different along time (some of them enter the panel, other exit for some reason) and by a cohort effect (or selectivity bias), so that most individuals who are still at work by their 60s are likely to have completed less payment years to the SS National Fund and, thus, would obtain lower pension benefits; in any case, the negative values of the Accruals do appear consistent with the SSW age pattern.
82
Turning to the other "dynamic one-year measures", I will focus on the features of RMCR, in order to illuminate its properties both on intuitive and coherence-with-economic-theory grounds. The first worth noting result is the fact that the RMCR is significantly less then one throughout the age interval under investigation: this means that for an individual aged, say, 54, the actual loss comprised in the choice of retirement at the beginning of the year instead of postponing it by one year, would be about 35% of the current wage (less than 18% for the median eligible worker aged 54). This finding (together with the high positive value of the implicit tax/subsidy rate) confirms the presence of a high "tax" (around 70% of the current wage for the median worker) over continued work. However, the steadily decreasing pattern of the RMCR also seems to indicate the possible presence of a (weak) dynamic incentive to postpone retirement, since it becomes less costly to delay the exit from work as the median individual ages. Another interesting finding is the negative sign of the RMCR starting from age 59, for both eligible and the whole Public Sector employee sample: this means that the median worker aged 59 was provided with a subsidy for retirement 1,03 times as high as his current year wage. The reasons for the negative sign are possibly threefold: the already mentioned actuarial unfairness of the benefit formula, the decrease in wages by the end of the age interval, which progressively reduces the pension increase and, finally, the 40 year-contribution limit for pension computation.
Looking at the "lifetime" measures of SS incentives, reported in the first four columns of Table 3 , results do not seem to change significantly 9 : in fact I get negative, substantially decreasing PVs, reaching the minimum values by age 60. However, on can infer additional information by looking at the other measures: although with the same negative trend and the age 48 maximum/age 61 minimum, the OV keeps positive till age 58 and has two other peaks at age 52-53; in turn, and maybe more interestingly, the shape of the RMCV distribution reveals the presence of some relative incentive to retirement at ages 51-54 age (as confirmed by the spikes occurring at these ages, which however take on negative values). This SS measure reaches the maximum at age 61, when the difference between future and present MCR is about -0.12. Yet, notice that negative sign of the RMCV for median workers of all ages (and even for those older than 60) confirms that the longitudinal shape of the MCR is downward sloped, at least for some future age interval. This finding is supported also by the corresponding lifetime incentive of the (negative of the) Accruals, the MTV: in fact it documents that the difference between the minimum of the expected tax levied on anticipated retirement and the current year value is negative throughout the whole age interval, meaning that for the median individual there is at least one year in the future in which such "tax" on retirement is lower than the present one. In the light of the findings above I can conclude that both static and dynamic incentive measures reveal a strong discouragement of continued work, which, however, might have been mitigated by the offsetting effect of negative RMCVs and MTVs.
As for Private Sector employees, statistics reported in Table 2b show that eligibility rules have played a relevant role in determining the shape of SS incentives. In fact, I document a strong non-linearity in the SS incentives pattern due to binding eligibility constraints, since the majority of workers younger than 60 are constrained on contribution-requirement grounds, so that only 17% of them turn out to be eligible for claiming pension benefits (21% out of overall Private Sector employees). Clearly this feature is responsible for the relevant non-monotonicity of the SS incentive shapes occurring by age 59. This also can explain why the median RR is zero for all median workers aged less than 60 and why the SSW keeps constant throughout the same age interval and equal to the discounted present value of the sum of the minimum benefit flow attainable after age 65. (Notice that median Accruals are positive due to the indexation of the such "minimum benefits"). Finally, also the RMCR keeps constant through age 59 and approximately equal to the fraction of the current wage available after SS tax payment. According to this scenario, it clearly emerges that SS matters in retirement decisions, at least for eligibility reasons; in any case, after age 60, where eligibility requirement are mostly non-binding, the decision to postpone the exit from labor force by one year becomes very costly: in fact beyond that age the RMCR comprised in the choice of retiring by the current year instead of by the next is very high.
As for eligible workers, it is worth noting that RR values are, in general, lower than those provided to Public Sector employees: this is due to the relatively less favorable rules for pension computation; moreover, the non-linearities in the SS incentives (for example, the positive value of the Accrual at age 51), are plausibly to be imputed to a composition affect, in that individuals who are eligible at very young ages (and in the first years of the sample) contribute to the increase of the median (say, RRs) values until they retire and/or exit the panel.
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The "lifetime" incentives labeled in Table 3 confirm the role played by the combination of the contribution requirement/normal age eligibility rules: in fact, by focusing on the whole Private Sector sub-sample we can observe that both the PV and the OV strongly decrease, even changing the sign, at the 60 th birthday of the median worker. In any case, as for eligible individuals, while the PV is always negative (with the exception of individuals aged 49-51 and although slightly increasing through age 58), the positive OV values document the existence of incentives to postpone retirement up to age 60. The same positive reward of postponing retirement in future years is confirmed by the negative sign of the RMCV and of the MTV measures: notice that the range of variation of the latter parameters is higher and that their time pattern unveils non-linearities at age 51, 59 and 63 (also 54 and 62 for the MTV) 10 . Concluding, also (eligible) Private Sector employees turn out to have been provided with generous, incentives for early retirement, although mitigated by the effect shown by some of the lifetime measures.
SS incentives after reforms
In Table 5 the variation rates of SS incentive measures are reported for period 1993-1995. For the sake of comparability I focus on those individuals who were eligible both before and after reforms. In fact the major restriction has been the temporary halt to early retirement (that is retirement with less than 35 year of contribution payment) imposed by the Government in years 1993 and 1995: as a consequence, the number of Public Sector individuals entitled with a State pension almost halved. According to the computations the SSW level of eligible workers has decreased dramatically due to such reforms: by about 20% and 18.5% for Public and Private Sector employees respectively; the main cut has been the reduction of the benefit indexation started in 1993. In fact both 1993 and 1995 reforms were phased in only gradually, so that the cut of benefits was designed to affect younger cohorts in the first place (see Table 4 for a summary of the most relevant changes): this is the main explanation of the heavier reduction of SSW undergone by younger cohorts. Accruals lowered by 15-16% and very similar was the reduction of the Peak Value. Results appear less straightforward when one looks at the changes of other dynamic parameters. On the one hand, although the median RMCR fell down for both eligible Public and Private Sector employees, the magnitude of such changes are quite different: a 45% reduction for the former and only 4.4% for the latter, respectively. Moreover, as for the RMCV, the signs of the overall variation diverge, even though the range of its changes is small (-3.2% an 3.8% respectively). On the other hand, the MTV measures decreased by about 15% for both categories. A possible explanation of these differences might by the following: both categories experienced major reductions of SS benefits, so that the future cost of retirement has increased, but Public Sector employees underwent the strongest cuts (due to the relatively higher impact of changes on the pensionable earnings formula, the introduction of wage caps and, perhaps more importantly, the penalization on early retirement by means of actuarial adjustment of pension levels introduced in the transitional phase). Consequently, for State employees it resulted economically convenient to delay the choice of retirement by some years after reforms. In other words, the median worker employed in the Public Sector could compensate the reduction of his pension entitlements by prosecuting his activity. On the contrary, for the other working category, the reforms, although lowering the level of the static incentives (such as SSW) had little impact on the dynamic incentives (both one year and lifetime), whose main source of variation has probably been the rise of SS payroll taxes.
Finally, significant non-monotonicities in the pattern of SS incentives changes are worth noting: this feature, again, can be explained by recalling that reforms in the transitional phase where conceived to produce effects inversely correlated with seniority (for example, a few pension cuts did not apply to individuals who had completed 40 years of payment to the National Fund); in fact this explanation seems to be coherent also with the high non-linearities in the changes of both the RMCR and the RMVC shown by the State eligible workers: to put it differently, given the less restrictive eligibility requirements enjoyed by latter employees, it is plausible that their higher heterogeneity in the years of contribution payments is mostly responsible for the higher variability that the effects of the reforms show for this working sector.
Conclusions
In the present work I compute the SS incentives to early retirement enjoyed by Italian male employees during the late 80s and early 90s. The contribution I propose is twofold: firstly, I use the 1989-1995 panel provided by bank of Italy Survey (SHIW), thus complementing the previous works which either have been merely theoretical 84 (i.e. based on simulations of representative workers) or used different data sources (such as the National Fund (INPS) archive, which however covers Private Sector employees only). Secondly, I set up three new measures of "dynamic incentives": the first is called the Marginal Cost of Retirement (MCR) and, although very close to already existing parameters, clarifies the economic nature of the cost comprised in the choice of anticipating retirement by one year. Moreover, it has the property of providing an exact and intuitive measure of the tax/subsidy on prosecuted work brought about by the actuarial unfairness of the pension formula; finally, the rescaled version of the MCR allows for strongly reducing the correlation of this parameter with the current wage. The second new measure is the Minimum Cost Value (MCV), which is a lifetime extension of the MCR: precisely, it is the difference between the minimum expected MCR in any future year and the current MCR. Finally, by the same reasoning, a "lifetime" version of the (negative of the) Accruals is proposed (referred to as the Minimum Tax Value, (MTV)).
Results show that, first of all, it is necessary to discriminate between Public and Private Sector, since eligibility rules, benefit computation formula (more favorable for the latter) and reform impacts have been substantially different for these categories of workers. Secondly, I do find evidence of strong incentives for early retirement for Public Sector employees before reforms. In fact for such workers the SSW was substantially decreasing with respect to age; moreover, the one-year dynamic incentives confirm the relevant "tax" levied on the prosecution to work provided by SS system prior to reforms: in fact the median RMCR was abundantly less than 1 (about 29% of current salary) and decreasing for almost all ages. As for the Private Sector workers, computations show that the contribution requirement for retirement eligibility has been binding for the majority of Private Sector workers; this notwithstanding, it comes out that also such workers enjoyed strong (one-year dynamic) incentives to retire once the normal age (age 60) had been reached. However, some of the lifetime dynamic measures (particularly the negative values of both RMCV and MTV for both Sectors) reveal the presence of incentives for postponing retirement which may have been contrasting (or even offsetting) the impact of the former.
Finally, early 1990s reforms reduced the median SSW by about 20% and the median Peak Value by almost 19%; however, among eligible workers, Public Sector employees appear to have borne most of the burden of the benefit cuts, particularly due to the higher penalizations on early retirement. There also comes out that younger cohorts have been and will be more dramatically in the future the net-payers for the rebalance of the Italian SS system. In fact, both the generous pre-reform benefits and the reduction of the RMCV and MTVs occurred in the transition phase of reforms has provided the older cohorts with a substantial incentives for exiting the labor force. 
